Background Context
Purpose
To estimate the clinical effectiveness and to systematically review the literature of full economic evaluation of chiropractic care compared to other commonly used care approaches among adult patients with non-specific LBP.
Study Design
Systematic reviews of interventions and economic evaluations.
Methods
A comprehensive search strategy was conducted to identify 1) pragmatic randomized controlled trials (RCTs) and/or 2) full economic evaluations of chiropractic care for low back pain compared to standard care delivered by other healthcare providers. Studies published between 1990 and 4 th June 2015 were considered. Primary outcomes included pain, functional status and global improvement. Study selection, critical quality appraisal and data extraction were conducted by two independent reviewers. Data from RCTs with low risk of
North American health technology assessments on chiropractic care conducted over a decade ago were unable to provide clear guidance to inform decision-making on the effectiveness and cost effectiveness of chiropractic care compared to medical and physiotherapy care [21, 22] . This was primarily because their analysis was based on a limited number of studies of acceptable methodological quality and partial economic evaluations (cost description, cost analysis and cost-outcome description) [21, 22] .
In a fastidious trial, the efficacy of spinal manipulative therapy (SMT) is tested under optimal conditions in order to isolate its effect from the confounding factors [23] . While in a pragmatic trial, the effectiveness of chiropractic care is tested in close to 'real-world' clinical settings to measure the degree of beneficial effect under this type of conditions [23] . More recently, systematic reviews on the effectiveness of SMT combined the two types of studies and concluded that this approach was as effective as other commonly used treatment modalities [24] [25] [26] . While SMT is an important component of chiropractic care [27] , these providers commonly use multimodal care to treat their patients with LBP in order to enhance treatment outcome [28] [29] . SMT is also performed by a range of other healthcare professionals [25, 26] . Thus, studies evaluating the effectiveness of SMT can guide clinicians in the choice of treatment modality, but provide little guidance to patients regarding which healthcare provider they should seek care from.
When referring to other providers, inter-professional relations appear to be important to clinicians, where cost is likely a major driver for third party payers when deciding to include a type of provider within a healthcare plan [30] [31] [32] . However, healthcare providers, policy makers and third party payers should likely consider the clinical effectiveness, the cost-effectiveness, the safety of the approach, and patient preference and values when referring (LBP) patients for a specific type of care or including a service in a medical insurance scheme, [24, 25, 33] . Full economic evaluation (cost-effectiveness analysis, cost-utility analysis, cost-benefit analysis) of standard care practice offers the advantage of simultaneously considering the resources involved (costs) and the health outcomes (outputs) [34] . This is important when formulating recommendations on the optimal use of healthcare resources [35] . This review therefore aimed to synthetize recent high quality evidence to better inform patients, clinicians, policy makers, and third party payers about the clinical effectiveness and cost-effectiveness of standard chiropractic care for LBP in comparison to usual standard care provided by other healthcare providers. The specific objectives of this review were: 1) to estimate the extent to which chiropractic care is effective for adult patients with non-specific low back pain compared to other conservative care approaches (e.g. medical care and physiotherapy), and 2) to systematically review the literature of full economic evaluation of chiropractic care for adult patients with non-specific LBP compared with other conservative care approaches conducted from any perspective.
Materials and Methods

Eligibility criteria
We conducted two systematic reviews: 1) a review of clinical effectiveness and 2) an economic review.
Study characteristics. For the clinical effectiveness review, only randomised controlled trials were eligible for inclusion. For the economic review, studies with a full economic evaluation (i.e. cost-effectiveness, cost-utility, cost-benefit analyses and cost-minimization analysis alongside a clinical trial [36] ) were eligible.
Population under study. Adult patients ( 18 years) with non-specific LBP with or without sciatica of any duration were eligible for inclusion. We excluded studies reporting on spinal pain without separate results for LBP and studies examining specific pathologies (e.g., disc herniation or compression fractures).
Types of interventions. We compared pragmatic trials of chiropractic standard care with standard care delivered by other healthcare providers. Chiropractic standard care was defined as patient-centred, multimodal care (e.g. combinations of SMT, soft tissue techniques, prescription of exercise, advice and reassurance) planned and delivered by a licensed chiropractor. We excluded studies investigating chiropractic care combined with care delivered by other healthcare providers, studies investigating a specific treatment modality or technique, and trials aiming to isolate the effect of SMT (i.e. fastidious trials). The lead authors of potentially relevant studies were contacted for further clarity regarding type of care.
The comparators were conservative, standard care for LBP delivered by other healthcare providers (e.g. medical doctor, physical therapist, exercise therapist or acupuncturist). Studies were judged eligible if the original author, when contacted for clarification, considered the comparator group as standard care. Study arms including surgical treatment or multidisciplinary care were excluded.
Types of outcome measures
-For the clinical effectiveness review: Primary outcomes:
• Pain (e.g., visual analogue scale, numerical rating scale, McGill pain score)
• Functional status (e.g. Roland-Morris questionnaire, Oswestry Disability Index)
• Global improvement (e.g., the proportion of patients recovered) Secondary outcomes:
• Health related quality of life (e.g., SF-36, EuroQol)
• Return to work (e.g. number of days to return to work or proportion of patients at work)
• Adverse events -For the economic review: an incremental measure of the extra cost required to improve an additional unit of outcome (e.g., an incremental cost-effectiveness ratio (ICER) or an incremental net benefit measure) with the exception of cost-minimization studies for which only costs were considered.
Additional criteria. Studies published in languages other than English or French, duplicate publications and studies without full text manuscript available (e.g. abstracts, conference proceedings, presentations) were excluded.
The search strategies (clinical effectiveness and economic evaluation) were first developed in MEDLINE and subsequently adapted to the other bibliographic databases. The search terms included subject headings (eg, MeSH) specific to each database and free-text words relevant to low back pain. We used Endnote (version X7.3.1, Thomson Reuters, Philadelphia, PA, USA) to create a bibliographic database to manage the search results.
Other resources. We screened reference lists of relevant publications, including reviews and meta-analyses, for relevant articles, and reviewed the gray literature available from the fol- 
Study selection
Two pairs of authors independently screened titles, abstracts, and full text papers for the clinical effectiveness (MAB and MJS) and for the economic evaluation reviews (MAB and AB). A third reviewer (MJS) was included in the full text screening of the economic evaluations. Reviewers met to resolve disagreements and reach consensus on the eligibility of studies.
Quality assessment
Clinical effectiveness studies. Two reviewers with expertise related to chiropractic care and clinical trials (MAB and MJS) critically appraised the internal validity of included studies using the 13 criteria recommended by the Cochrane Back Review Group [38] . Studies that met at least 6 criteria out of 13 were considered low risk of bias. Items related to the blinding of patients, care providers, and outcome assessors (patient reported outcomes) were reported in the risk of bias assessment, but cannot be fulfilled when studying the outcome of different groups of healthcare providers.
Economic evaluations. The methodological quality of the economic evaluation was independently assessed by two reviewers using the Drummond BMJ Check list [39] [40] [41] : one with expertise related to chiropractic care and epidemiology (MAB) and one with expertise related to healthcare administration and health economics (RBDS). The checklist included 35 items related to study design; data collection; data analysis; and interpretation of results. Additionally, the reviewers formulated a qualitative appreciation of the quality level (low, medium, high) of every study:
High quality: The majority of the quality assessment criteria are met. There is little or no methodological flaw that might influence the study conclusion.
Medium quality: Most of the quality assessment criteria are met. Some flaws in the study may influence the study conclusion.
Low quality: Either most of the quality assessment criteria are not met, or significant flaws relating to key aspects of study are likely to influence the study conclusion.
Data extraction
Data extraction was performed by the lead investigator (MAB) and checked for accuracy against the original publication by a second reviewer for the clinical effectiveness trial (MJS) and the economic evaluation (RBDS).
The standard form developed by the Cochrane back review group [42] was used to extract descriptive and outcome data from the clinical effectiveness studies. Authors of studies only reporting between group differences [43] [44] [45] [46] were unsuccessfully contacted in order to obtain mean and standard deviation of primary outcomes at relevant time points. Therefore, the means were inferred from graphical representations and our analysis were based on the reported between group differences. Data extracted from studies at high risk of bias were not reported.
A customized data extraction form [37] was used for the economic evaluations. Authors of the economic evaluations were contacted in order to gain precision about the perspective of analysis and the type of care considered.
Data analysis
Clinical effectiveness studies. Primary and secondary outcomes of studies with low risk of bias were evaluated in meta-analyses. Final scores of reported outcomes were used for the metaanalyses. Data were estimated, using the Review Manager calculator (RevMan version 5.3, The Cochrane Collaboration, Copenhagen, Denmark) when change scores and between group differences were reported. Outcomes were assessed at 1, 3, and 12 months. In order to minimize clinical diversity, we stratified by: healthcare provider (chiropractic care versus medical care, physical therapy and exercise therapy), symptom duration (sub-acute/chronic (6 weeks or more) and mix/not specified), and outcomes (type of outcome and time of assessment). To facilitate comparison between different instruments, comparisons were made using standardized mean difference for continuous outcomes and a risk ratio for dichotomous outcomes. Due to substantial heterogeneity, we used a random effect model. Heterogeneity was investigated by subjective interpretation and by statistical testing using the Q (Chi 2 ), Tau 2 and I 2 test. We, a priori, determined a cut-off of 40% at the I 2 test for reporting pooled estimates. However, due to the limited number of studies, we decided to present the pooled results along with potential sources of heterogeneity even if this criterion was not met. Sensitivity analysis by adding studies with high risk of bias and construction of funnel plots to evaluate possible publication bias were planned [37] , but not conducted because the high risk of bias study retrieved only reported results graphically and the number of studies retrieves was too low to construct a meaningful funnel plot. All metaanalyses calculations and related metrics were conducted in Review Manager for Mac OS X (RevMan version 5.3, The Cochrane Collaboration, Copenhagen, Denmark). Economic evaluations. In order to compare costs across different currencies and account for differential timing, costs of the original study were converted to 2015 United-States (US) dollar using a web-based tool based on purchasing power parities (PPP) and gross domestic product deflators (GDPD) values from the World Economic Outlook Database [47] . The level of evidence of the economic findings was assessed using a 5-point ordinal scale defined by Slavin's qualitative best-evidence synthesis approach [48] . The following criteria were assessed in stepwise descending manner:
Strong Evidence: minimum of 3 high quality studies; at least three-quarters of high and medium quality studies must concur on findings.
Moderate Evidence: minimum of 2 high quality studies, or 3 of medium and high quality; more than two thirds of all studies must report consistent findings.
Limited Evidence: minimum of 1 high quality study or 2 medium quality studies, more than 50% of all studies must report consistent findings.
Mixed Evidence: findings from medium and high quality studies are contradictory. Insufficient/No Evidence: no high quality studies; one or no medium quality studies; any number of low quality studies.
Systematic review registration
The protocol was registered with the International Prospective Register of Systematic Reviews on October 20, 2014 
Results
Clinical effectiveness
Study selection. Our search retrieved 4,095 articles. We removed 1,764 duplicates and screened 2,331 articles for eligibility (Fig 1) . After screening, 2,281 articles did not meet our selection criteria, whereas 50 citations were assessed for eligibility in full-text. Eight citations [43] [44] [45] [46] [50] [51] [52] [53] originating from six individual studies were included in the review (Fig 1) . The main reasons for exclusion after full test screening were: care not provided by a chiropractor or investigation of a specific treatment modality. One potentially relevant study with no results available was identified on clinicaltrials.gov (NCT01357343).
Study characteristics. Characteristics of the included studies are presented in Table 1 . One Canadian study [52] comparing chiropractic care to physical therapy care had a high risk of bias; therefore we did not include its results into our quantitative analysis and did not further report study findings. The remaining five low risk of bias studies were published between 1990 and 2011 and were conducted in the US (n = 3) [45, 46, [50] [51] [52] , United Kingdom (UK, n = 1) [43, 44] , and Denmark (n = 1) [53] . Chiropractic care was compared to exercise therapy care in one study [50] , to physical therapy care in four studies [43, 44, 51, 53] and to medical care in one study [45, 46] . Cohort sizes varied from 155-741 participants and follow-up periods varied from one to three years. We obtained effect estimates for all our primary and secondary outcomes with the exception of return to work. Only the two most recent studies reported responder analysis [50, 53] .
Risk of bias within studies. The methodological quality of the scientifically admissible studies is presented in Table 2 . Most studies (5/6) had a low risk of bias with the exception of one which had a high or unclear risk of bias for the majority of the evaluated item (12/13) [52] . Among the low risk of bias studies, one publication provided an unclear description of the randomization [51] and another one did the same for the allocation concealment [43, 44] . As expected items related to the blinding of patients, care providers, and outcome assessors were at high risk of bias in every study due to the intervention and outcome considered in this review. Selective outcome reporting was suspected in one study reporting an unusual primary outcome [53] . Co-interventions use was different between groups in one study [45, 46] and unclear in another one [43, 44] . Compliance was different between the two treatments group in one study [53] and could not be clearly evaluated in two studies [43, 44, 51] . The possibility of an additional bias was suspected in one study that restricted the number of treatment sessions in only one of its treatment groups [43, 44] .
Summary of evidence
Chiropractic care vs exercise therapy care. Bronfort et al. [50] compared chiropractic care to exercise therapy in the United States for LBP subjects of at least six weeks duration. The extracted results are presented in Table 3 . Outcomes of pain, functional status and global improvement assessed at one, three and 12 months revealed no significant difference between the two provider groups. The responder analysis (proportion of patients with at least 50% and 75% improvement) was coherent with the averaged results and no significant difference was found between the two types of provider for pain, functional status and global improvement assessed at three and 12 months.
Health related quality of life was assessed at one, three and 12 months using the physical and mental health subscales of the SF-36. The only statistically significant difference favour chiropractic care for the mental subscale at three months follow-up.
The rate of adverse effects did not differ significantly between the two treatment groups (Table 4 ). These were rare (2% and 6% for chiropractic and exercise therapy care respectively), transient in nature, and necessitated minimal or no change in activity level. • Chiropractic care once to twice per week for 15 to 30 minutes including: SMT and few minutes of soft-tissue massage, ice, or heat (n = 100).
• Supervised exercise therapy provided by exercise therapists (n = 100).
• • Chiropractic care: SMT and the optimal treatment modality to the discretion of the chiropractor** for 10 sessions over 4 week (n = 16).
• Physical therapy care: back school therapy for 10 sessions over 4 week (n = 13).
• • Chiropractic Care: SMT, instruction in strengthening and flexibility exercises, and instruction in proper back care (n = 169).
• Medical care: One or more of the following: instruction in proper back care and strengthening and flexibility exercises; prescriptions for pain killers, muscle relaxants, anti-inflammatory agents, and other medications used to reduce or eliminate pain or discomfort; and recommendations regarding bed rest, weight loss, and physical activities (n = 170).
• Total: 1. • Chiropractic care: at the discretion of the chiropractor for a maximum of 10 treatments over one year. The treatments were intended to be concentrated within the first 3 months (n = 384).
• Physiotherapy care: within hospital outpatient clinics (n = 357).
• Chiropractic care vs physical therapy care. Three studies compared chiropractic to physical therapy care; they were conducted in the United-States [51] , United Kingdom [43, 44] and Denmark [53] . Two included a mix of LBP duration [43, 44, 51] and one included subjects with symptom onset of six weeks or more [53] . The extracted results and pooled effect are presented in Table 5 and Fig 2. Pain was assessed at three and 12 months by only one study. There was no significant difference between the two treatment groups.
Functional status was assessed at 1 month (n = 2), 3 months (n = 2) and 12 months (n = 2). None of the individual studies or the pooled effects showed significant between group differences. The only exception was the Danish study [53] , in which a small statistically significant effect in favour of physical therapy care at the 12 months follow-up was reported. The responder analysis (number of patients with an absolute Roland Morris score below 5 points or at least 5 points reduction) of that study revealed no significant between group difference for An educational booklet about selfcare or a "lumbar roll" for the seated posture were sometimes provided to the patient (n = 175).
• Effectiveness and Economic Evaluation of Chiropractic Care for Low Back Pain functional status at three and 12 months. This study was the only one to report functional status at 12 months for subacute/chronic subpopulation. Nevertheless, the pooled effect, including results of the Meade study [43, 44] from a mixed subpopulation, did not reveal significant between group differences. The heterogeneity analysis of the pooled three and 12 months outcomes showed substantial heterogeneity. Potential sources were: different settings (USA, UK and Denmark), different subpopulations in terms of symptom duration, and different physical therapy approaches (McKenzie method) and usual hospital outpatient clinic. Global improvement was assessed at one and three months in one study. At one month, Meade et al. [43, 44] reported a statistically significant advantage in favour of chiropractic care, while at three months Petersen et al. [53] reported a statistically significant advantage in favour of physical therapy care.
Health related quality of life was only reported by Petersen et al. [53] at three and 12 months using the general health perception and mental health subscales of the SF-36. None of the comparisons significantly statistically favoured one type of care.
Return to work was also reported in the Danish study [53] . Since the two treatment groups were significantly different regarding their number of participants off work at baseline, we chose not to extract data for that particular outcome. Adverse events were only reported in the Cherkin study [51] , and no serious adverse effects were recorded in either of the treatment groups (Table 4) .
Chiropractic care vs medical care. Only one study compared chiropractic care to medical care. The study was conducted by Hurwitz et al. in the United States and included subjects with a mixed symptom duration of LBP [45, 46] . Extracted results for this study are presented into Table 6 .
Pain and functional status were assessed at one and 12 months. There was no significant difference between the two treatment groups.
Global improvement, health related quality of life, and return to work were not assessed. No serious adverse events were recorded in neither of the treatment group (Table 4) .
Overall, the pooled results did not show significant differences in effectiveness between chiropractic care and the other type of standard care studied. When reported, no serious adverse events were recorded in any of the chiropractic, exercise therapy [50] , physical therapy [51] or medical [45, 46] treatment groups (Table 4) .
Economic evaluation
Study selection. Our search yielded 2,725 citations. We removed 905 duplicates and screened 1,820 articles for eligibility (Fig 3) . After screening, 1,761 articles did not meet our selection criteria. Fifty-nine articles were assessed for eligibility and only three articles were scientifically admissible. The main reasons for exclusion of the full papers were: partial economic evaluations or lack of any cost evaluation.
Study characteristics. The characteristics of these included studies are presented in Table 7 . All three included studies were conducted in the United-States, included between 417 and 2780 participants, and involved follow-up periods ranging from 1 to 3.7 years. The types of economic evaluation performed were: cost-effectiveness analysis (n = 1) [54] , cost-benefits analysis (n = 1) [55] , and cost-minimizations analysis conducted along with a randomized clinical trial (n = 1) [56] . All three included studies compared chiropractic care to combinations of medical care. The quality assessment of the included studies is reported in Table 8 .
Summary of evidence and quality assessment. Butler et al. [55] conducted a cost-benefit study in the US from the perspective of the employer as a proxy of the societal perspective. The authors used data from a prospective cohort study as an exemplar to present a method for adjusting rehabilitation costs and benefits for health capital. The cohort consisted of patients with occupational low back pain from five employers across 37 federal states. Chiropractic care (n = 15 patients) was compared to different types of providers: medical doctors (n = 20 patients), medical doctors and physical therapists (MDPt, n = 144 patients), chiropractors and medical doctors (n = 105 patients), and surgeons or emergency physicians (n = 133 patients). Direct costs (offices visits, consultations, physical medicine, radiographs, medication) and indirect costs (saving from work loss day) were considered. Costs related to the household sector were not included. Based on the nearly identical adjusted net benefits for physician only care (135,824$), physician plus physical therapy care (130,064$), and chiropractic care (132,989$), the three types of care seemed equivalent. Net benefits of care were lower for combined physician/chiropractic care (104,025$), and lowest for all other forms of care (104,025$). Precision of the estimates and sensitivity analysis were not reported. Butler et al. presented the analysis as an exemplar and therefore the sample size in the chiropractic group was low. With only 15 patients receiving chiropractic care, the parametric multivariate analyses conducted by the author is likely underpowered and their conclusions therefore not robust. Based on this, we rated the study quality as low despite the high quality of their methodology. Haas et al. [54] conducted a cost effectiveness study from the perspective of the healthcare system (Medicare) based on a prospective cohort study. They recruited participants from 51 chiropractic clinics (n = 60 providers and n = 1855 patients) and 14 general practice community clinics (n = 111 medical providers and n = 925 patients) in Oregon and Washington, US. The effectiveness measures were based on patient-reported outcomes including pain, functional status, treatment satisfaction, and physical and mental health. The following direct costs were considered: office visits, radiographs and medication. The costs related to advance imaging [57] , surgical [58] and physical therapy consultations [51] were imputed from previous published studies. The services provided were assigned Current Procedural Terminology (CPT) codes that were converted to Medicare relative value units, and a conversion factor was applied to estimate the Medicare payment. The adjusted mean differences (AMDs) of total cost at 12 months revealed that chiropractic care was slightly more expensive than medical care for acute (63$, P = 0.352) and chronic patients (1.5$, p = 0.993), but the differences were not significant. The AMDs for pain and functional status at 12 months significantly advantaged chiropractic care, but were not clinically important (AMDs < 10, P < 0.01). The ICER ranged from 4.5$ to 23.6$ per unit of change of the considered outcomes for the acute patients and from 0.0 $ to 4.5$ for the chronic patients. Formal willingness to pay and sensitivity analysis were not reported. Given the very small ICER for the chronic patients, chiropractic care appears relatively cost effective. The interpretation is less clear for acute patients, but chiropractic and medical care appear to perform comparably. Our overall assessment of the study lead us to rate this study as high quality, because it considered all the costs and outcomes relevant to the perspective of the analysis.
Kominski et al. [56] conducted a cost-minimization analysis alongside the randomized controlled trial reported by Hurwitz [45, 46] from the perspective of the healthcare provider group. The authors recruited Health Maintenance Organization (HMO) patients from three large medical group practices in Southern California, US. Chiropractic care (n = 162) was compared to medical care (n = 162), medical care combined with physical therapy (n = 167) and chiropractic care combined with physical modalities (n = 163). The medical group received capitated payments from the insurer. The costs in this study were imputed using CPT codes and a Medicare fee schedule. The following direct costs were considered: offices visits, diagnostic and therapeutic services. The mean total cost for chiropractic care (769$) was significantly higher than medical care (647$) without producing significantly better clinical outcomes. The addition of physical therapy (1070$) to medical care and physical modalities to chiropractic care (790$) also generated greater costs for similar clinical outcomes. Sensitivity analyses were not reported. The study quality was rated as medium, because the healthcare provider group used a remuneration system that likely differed from the Medicare one. As a consequence, the method used for cost imputation might not reflect the actual cost of the healthcare provider group. Additionally, medication costs were not considered. Inclusion of these costs might considerably influence the overall care cost, and in particular the medical care costs, and thereby the study conclusions.
In summary, according to the Slavin's best-evidence synthesis approach, the level of evidence of the economic findings relating to chiropractic compared to medical care is mixed as the three included studies reported inconsistent conclusions regarding chiropractic care. 
Discussion
Summary of findings
We identified six clinical effectiveness RCTs and three full economic evaluations. Overall, individual studies showed similar effects of chiropractic care compared to exercise therapy, physical therapy or medical care for the treatment of low back pain regardless of type of outcome, and the risk of bias was low in five out of six included studies. Similarly, the pooled results revealed no significant difference in effectiveness between providers groups. No serious adverse events were reported for any treatment approaches. The three full economic evaluation studies comparing chiropractic care to medical care were of low to high methodological quality. These studies provided conflicting results regarding cost-effectiveness, and the resulting level of evidence is mixed. Unfortunately, very few studies met our inclusion criteria and all our effect estimates regarding primary and secondary outcomes came from one or two studies. Additionally, two of our pooled estimates included a considerable level of heterogeneity [59] . Therefore, future high quality studies are likely to influence effect estimates. In three of the included clinical effectiveness studies, we found individual outcomes that were not in concordance with our overall [43, 44] , the heterogeneity was considerable [59] . The inconsistent results can be explained by differences in settings (studies conducted in Denmark, UK or US); subpopulations (subacute/chronic vs. mixed symptom duration), and physical therapy approaches (McKenzie method vs. nonspecified physical therapy). We found one study, which favoured chiropractic care over physical therapy care in a mixed duration LBP population regarding global improvement at one month [43, 44] . Finally, during our data extraction for the pooled effect estimates we found one outcome (the mental subscale of the SF-36 at the three months follow-up) that favoured chiropractic care over exercise therapy care in the study by Bronfort et al. [50] . The authors did not report this difference because they performed a multivariate analysis (instead of a final score comparison), which led them to report a non-significant difference. The existing literature is currently too limited to allow for a synthesis of economic evaluations robust enough to offer guidance to decision makers, referring healthcare provider and patients about the cost-effectiveness of chiropractic compared to other types of care. Two out of three included economic evaluations had serious methodological limitations due to low sample size and omission of direct medical costs that could potentially impact the conclusions. Further, it is difficult to appreciate the robustness of the conclusions of the economic evaluations considering that sensitivity analyses were not reported.
Consistency of findings with other studies and reviews
Our results regarding the effectiveness of chiropractic care are consistent with previous reviews comparing chiropractors to other provider groups [21, 22] and SMT to other treatment modalities [24] [25] [26] . All have concluded that there is no clear superiority for any provider group or modality. Regarding economic evaluations, older reports [60, 61] have concluded that chiropractic care is highly cost-effective because of the relatively low consultation fee and the limited use of advanced diagnostic imaging. However, more recent rigorous systematic reviews of partial economic evaluations have failed to show an economic advantage of one type of care over another [21, 22] . This is consistent with the findings from our review based on a limited number of full economic evaluations.
Strengths and limitations of these reviews
To our knowledge this is the first synthesis that exclusively considers pragmatic trials of chiropractic care without including fastidious trials of SMT. A comprehensive search was conducted to identify all relevant studies and a rigorous methodology was applied. The extraction process was performed in accordance with current guidelines and an experienced health economist supported the economic evaluations. Limiting our search to the past 25 years enabled us to select publications that were compatible with contemporary healthcare delivery. By only considering full economic evaluations and trials at a low risk of bias, we aimed to derive conclusions from more robust evidence. Our review has limitations. First, we did not search the grey literature for clinical effectiveness studies. McAuley et al. showed that the inclusion of results from the grey literature tend to decrease effectiveness estimates in meta-analyses because the unpublished studies tend to report smaller treatment effects [62] . Second, critical appraisal requires scientific judgment that may vary among reviewers. This potential bias was minimized by training reviewers to use a standardized critical appraisal tool and using a consensus process among reviewers to reach decisions regarding scientific admissibility. Most of the original between-group differences and pooled estimates in our meta-analysis did not favour a specific provider group, and we believe it is unlikely that the inclusion of unpublished grey literature would change our conclusions. Third, the low number of clinical trials prevents us from conducting a meaningful investigation for publication bias. Fourth, the majority of the included clinical effectiveness studies (three out of five) and all three economic evaluations were conducted in the United States. Caution should therefore be used when generalizing our findings to other settings or jurisdictions. With respect to economic evaluations in particular, local healthcare systems and insurance plans may have a higher impact on cost than the type of healthcare provider [55] .
Recommendations for future researches
Our search retrieved only a limited number of pragmatic clinical trials comparing chiropractic care to other types of care and only one high quality, full economic evaluation. We suggest therefore that future high quality pragmatic trials be conducted in parallel with full economic evaluations considering all relevant direct and indirect costs. The perspective of the economic evaluation should be clearly specified since it bears influence on the relevance of the health effects and cost considered. In addition, future studies should consider the impact of chiropractic care on return to work and include loss of income and wage compensation, a major component of indirect cost relevant to patients, the employers and society. Small differences in work absenteeism (indirect cost) have previously shown to have considerable impact on cost and the potential to reverse conclusions based on direct costs only [63, 64] . To facilitate the interpretation and decision-making process about types of care, we also suggest that future economic evaluations conduct willingness to pay and sensitivity analyses. Due to the large numbers of fastidious trials investigating the efficacy of SMT of LBP, researchers have previously called for a moratorium on future RCTs [26, 65] . However, we believe that additional pragmatic, practice-based studies will help clarify whether chiropractic care is truly equivalent to other types of care in terms of effectiveness and cost. It is likely that, on average, there is not much difference between the different alternatives; however there may be heterogeneous treatment effects, i.e. some treatments that are cost-effective for some and not for others. Future studies could help elucidate this issue.
Conclusion
Moderate evidence suggests that chiropractic care for LBP appears to be equally effective as physical therapy. Limited evidence suggests the same conclusion when chiropractic care is compared to exercise therapy and medical care although no firm conclusion can be reached at this time. No serious adverse events were reported for any type of care. Our review was also unable to clarify whether chiropractic or medical care is more cost-effective. Given the limited available evidence, the decision to seek or to refer patients for chiropractic care should be based on patient preference and values. Future studies are likely to have an important impact on our estimates as these were based on only a few admissible studies.
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